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The  possibility  of  a massl.ve,  all-out  invasion  of  Western 
Europe  by  Warsaw-Pact  forces  has  made  it  necessary  for  the  NATO 
Alliance  to  prepare  for  such  an  eventuality  and  to  develop  Innovative 
and  effective  countermeasures.  The  initial  effort  of  the  NATO  forces 
would  be  aimed  at  slowing  the  enemy's  rate  of  advance,  thus  buying 
valuable  time  in  which  the  NATO  forces  could  mobilize  and  iaunch  a 
telling  and  successful  counteroffensive. 

One  very  practical  way  to  slow  the  enemy's  rate  of  advance 
would  be  to  deny  him  the  mobility  and  maneuver  options  he  needs  for 
his  armor  and  mechanized  units,  particularly  along  likely  invasion 
corridors.  To  effect  such  a denial,  the  so-called  "barrier  to 
mobility"  (BATM)  concept  was  introduced  late  in  the  decade  of  the 
sixties.  The  concept  involves  the  use  of  conventionai  or  nuclear 
underground  explosions  to  produce  craters  of  sufficient  size  to  form 
a viable  obstacle  or  BATM.  The  low-yield  atomic  demolition  munition 
(ADM)  was  envisioned  as  the  nuclear  energy  source  for  producing  such 
craters,  while  large  quantities  of  conventional  explosives  could  pro- 
vide a viable  alternative  as  to  the  explosive  type. 

In  about  1973,  a requirement  to  study  the  effect  of  low- 
yield  nuclear  explosions  on  various  tactical-type  targets  was  intro- 
duced. It  was  envisioned  that  such  targets,  at  ranges  up  to  a few 
hundred  kilometers  beyond  the  forward  edge  of  the  battle,  area  (FEUA) , 
could  be  attacked  by  an  aerial-  or  missile-delivered  warhead,  i.e.,  a 
tactical  earth-penetrating  warhead  (TEPW) . It  was  envisioned  that 
such  a warhead  would  penetrate  to  depths  below  the  ground  surface 
sufficient  to  optimize  those  weapons  effects  needed  to  damage  or 
destroy  a given  target  or  target  complex. 

The  specific  purpose  of  the  ESSEX  (^ffects  of  ^ub^urface 
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E2y)iosions)  Program  was  to  study  the  effects  of  low-yield  nuclear 
weapons,  the  kind  envisioned  for  use  in  botfi  the  BATM  and  TEPW  appli- 
cations. In  essence,  the  researcli  was  aimed  at  refining  the  employ- 
ment doctrine  for  the  ADM  and  at  developing  a sufficient  data  base 
from  which  employment  doctrines  for  the  TEPW  could  be  formulated. 

PROGRAM  OBJECTIVES 

Major  objectives  of  the  ESSEX  Program  were  as  follows:  (a) 
develop  a means  of  simulating,  with  high  explosives,  the  meclianical 
effects  of  low-yield  nuclear  explosions  that  occur  at  various  depths 
of  burst  (DOB),  for  various  stenuning  conditions,  and  for  various  geol- 
ogies; (b)  develop  a means  of  simulating  radioactive  fallout  and  of 
predicting  such  fallout  using  a nonrad  Loac.t  ive  source;  (c)  assess  the 
barrier  effectiveness  of  craters  formed  by  low-yield  nuclear  weapons; 

(d)  identify  tliose  test  geometries  that  minimize  collateral  damage 
without  degrading  to  an  objectionable  degree  the  primary  effects;  and 

(e)  determine  the  vulnerability  of  generic  classes  of  targets  to  the 
free-fleld  explosion  effects  (primarily  cratering,  ground  shock/motion, 
and  debris  impact).  The  calculational  and  experimental  programs  have 
provided  a data/knowledge  base  sufficient  to  develop  quantitative  con- 
clusions relative  to  some  of  the  objectives,  and  definable  trends 
relative  to  the  others.  ^ 

APPROACH  \ 

Simulation  of  Mechanical  Effects.  In  the  ESSEX  Program, 
high  explosives  (HE)  were  used  to  simulate  nuclear  explosives  (NE) • 

In  the  simulation,  two  cratering,  ground-motion  type  calculations  weri 
conducted,  one  for  NE  and  one  for  HE.  llic  N'E  calculation  considered 
the  expansion  of  the  nuclear  source  through  an  appropriate  equation  of 
state  (EOS);  this  calculation  served  as  input  to  a medium  response 
calculation  which  used  a field-developed  EOS  for  the  host  material. 

The  output  of  the  two-phased  calculation  was  a predicted  crater 
profile,  predicted  stress  levels,  predicted  particle  velocities,  and  ;i 
predicted  kinetic  energy  field. 

A similar  calculation  was  inaile  for  the  HE  case  except  that 
an  HE  source  EOS  was  used.  The  NE  and  HE  calculations  were  then  com- 
pared, and  adjustments  were  made  in  the  HE  yield  until  the  cratering 
and  kinetic  energy  fields  at  a given  range  were  in  agreement.  Thus, 
proper  simulation  was  tagged  to  a duplication  of  crater  geometry  and  a 
duplication  in  the  ground  shock  and  kinetic  energy  fields. 

Radioactive  Fallout  Simulation.  Ihe  fallout  of  radioactive 
debris  (residual  fallout)  was  simulated  by  internal  seeding  of  an  HE 
charge  using  iridium-coated  sand  particles  liaving  a density  of  about 
2.6  gm/cm3  and  diameters  smaller  than  175  microns,  the  latter  being 
an  appropriate  size  representation  of  actual  nuclear  fallout 
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particles  [1)*. 

The  IIK.  explosive  used  lii  the  I'.dSEX.  l’ro^;rjim  was  nitromethaiie , 
a liquid  explosive  havlnti  properties  very  similar  to  TNT.  Tlie 
ir Id luin-coated  quartz  particles  (10  percent  of  the  total  charge 
welglit)  were  added  to  the  iiitromethane  (8/  percent  of  the  total  charge 
weight).  The  mixture  was  then  stirred  wliile  adding  a gelling  agent 
(J  percent  of  the  total  charge  weight).  Stirring  was  continued  until 
the  mixture  was  sufficiently  stiff  to  hold  the  quartz,  particles  in 
suspension.  Upon  detonation,  the  particles  weie  lofted  by  the  venting 
phenomena,  were  carried  by  the  winds,  and  eventually  fi'll  into  an  area 
where  numerous  s;impling  trays  caught  the  iallont. . Appioprlate  sub- 
samples from  each  tray  wen;  then  neutron  Iri.idl.ited,  and  tin-  radio- 
activity ol  each  .subsample  was  detex'iiiincd  by  gaiimia  ray  spi'ct  loiiu't  ly . 
The  actual  Irridlum  content  was  deti’rmlned  by  its  charact  i‘i  1 ;;  t 1 c 
0.  116-Mev  gamma  ray.  Using  this  method.  It  was  possible  to  contoui 
the  deposition  I'attern  and  through  approiirlate  factors  to  relate  the 
Irldlimi  fallout  to  the  dose  rates  expei  led  for  a nucli-.ii  event  ot 
roughly  equivalent  yii-id. 

TE.ST  I’ROUR/IM 

The  experimental  program  ot  KSSKX  consisted  of  nine  detona- 
tions, each  with  a nominal  yield  ot  10  tons  TN'l'  eqnlvalinit  . A com- 
plete listing  of  the  shots  is  shown  in  Table  1;  the  varlou.s  experi- 
mental programs,  conducted  on  each  ot  the  shots,  are  listed  In  Table 
2.  All  shots  were  fired  in  the  t’eason  Kldge  Atea  of  the  Koi  t Polk 
Military  Reservation  near  l.eesville,  loulslana.  'The  near-sni  lace 
geology  was  typically  sandy-clays  and  c 1 avey-.sands ; at  one  site 
(i2MU),  a fairly  competent  rock  layer  l-ihont  b metres  Ihlikl  was  pies 
ent  at  a depth  of  about  2 metres.  A major  target-response  ptogiam  w.is 
conducted  in  conjunction  with  the  bMl’S  Event  . 

RESULTS  OF  THE  PllENOMENOl.OOU'.AL  EXi’ERlMENTS 

Crater  Ing . Olmenslons  of  the  nine  ESSEX  craters  ate  given 
in  lahie  1.  tlmltLlag  the  12MU  results  (the  12MU  Event  was  the  shot 
with  the  b-metre  slitstone  rock  layer),  the  apparent  cr.tter  ilepths 
ranged  from  A to  d metres;  the  radius  from  Id  to  / metres;  and  the 
volume  from  AOOO  to  bOOO  cubic  metres.  The.  mean  dimensions  ol  tin' 
craters,  excluding  12MU,  wet«*:  depth,  / metii's;  radius,  22.2 
metres;  and  volume,  48.80  cubic  metres.  'The.  overall  variations  rctleci 
a data  spread  of  rinighly  +.80  percent  for  depth  and  +20  percent  lor 
radius  and  volume.  'These  rringes  reflci'.t  the  variations  .is;tocl  at  evl 
with  the  Insltn  geological  differences,  the  variations  In  llu'  depth  ol 
burst,  and  the  variations  In  the  stemming  of  the  charge  emp  laceme.nt 

See  compar.ihly  nnmheted  entrees  in  the  ll.st  ol  relerences. 
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TABLE 

1.  LISTING 

OK  ESSEX 

SHOTS  ALONG 

WITH  ClOiTER 

DIMENSIONS 

Apparent 

Crater  Dimensions 

Yield. 

Radius , 

Depth , 

Volurou , 

U'rue  Crater 

^qt 

^qns 

m 

m 

m-^ 

Radius , jijL 

3MS 

11. h 

21.!) 

4.9 

4290 

24.0 

3 MU 

9.0 

20.6 

4 . 6 

4400 

25.0 

6MS 

10.0 

26.2 

4.6 

6050 

33.5 

6MPS 

10.0 

21.8 

S.O 

5400 

27.0 

eiws 

10.0 

20.6 

9 . 3 

5530 

22.0 

6 ML’ 

8.0  • 

23.6 

5.2 

5010 

27.4 

12MS 

10.0 

18.8 

8.5 

4750 

22.1 

12MPS 

10.0 

26.9 

3.7 

5360 

— 

12  MU 

8.0 

14.4 

4.0 

1200 

19.0 

TAULK  2.  TirUNICAf.  i>K(X;Kj\MS  OF  t'SSKX 


Technical 

_Projjra.'a _ 


1 Cratering,  Kjccta,  and  Harrier  Effectiveness 

2 Ground  Shock/Motion  Measurements 

3 Alrblast  Measurements 

4 Technlcai  Photography 

5 Radiation  Simulation 

6 Detonation  Physics 

7 Code  Calculations  lor  Simulation  Design 

8 Geologic  Exploration  and  Ekiuation  of  State  Studies 

9 Construction  and  Support 
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All  nluo  cr.iti'is  couaL  1 tut od  a UATM  Iv'r  tho  lollowluj.' 
vohiclos:  an  MrU)  tank,  an  Mill  annon'.l  pt'isonm-l  i-arrlcM',  and  the 

Ml/h  1-1/-*  ton  wlioolod  i;ai>;o  volilolo.  I'lio  i>‘lallvi‘  sl/.o  ol  tho  l.SSKX 
iT.itois  oomi'aii'd  to  those  that  wonKl  rostilt  I tom  a l-HT  nuoloat  yield 
Is  shown  In  Klunre  1;  the  l-Kl'  erater  I'lH'vlvles  a llATM  ron^^lily  1 . ‘> 
t liiu's  lar^ter  than  t hi'  oiu;  associated  with  the  10-Ion  llli  events. 

KJi'ct.i.  Koi  the  nine  KSSl.X  I'vent  s , the  continn.nis  cli'cla 
tli'ld  w.iM  >t»'in'tally  cinit  till'd  to  within  a r.ini'.e  ei|nlv.iU'nt  to  I 
.ipi'aii'iit  I'tatet  fadi  1.  The  thickness  ol  the  cont  iinions  eject. i hl.inki'I 
at  Its  thickest  point  was  .ilunit  1 / k ol  tin'  cr.ilei  depth. 

the  in.ixiiunm  lain’i'  to  which  eject. i t r.ic.aii'iit  s (cii'dsJ  were 
thiown  r.iiitte.l  1 i om  ~ 100  luetles  toi  the  J .’M  Tvent;!  to  ^'-.SOtl  metres  toi 
the  IM  Ivents.  Sc.iled  maximum  eject. i t .ni>;e  .is  a Iniiclion  .it 

sc. lied  IMh  thlK'lO  is  shown  in  Kl^nie  . Included  In  the  dat.i  set  wei  < 
a nnmhei  ot  l.Uite  HI',  shots  pins  sever.il  uncle. ii  events.  The  dat.i  are 
t'lnp  1 1 1 c.i  1 1 V detliied  .is  a hlllne.ir  iippei  hound  I't  tlu'  d.it.i  envelope. 

.\pp  i I'p  r 1 .1 1 e I'lju.it  li'iis  tor  thesi'  I ine.s  .iti'  p.tven.  and  1 i i>m  them.  c.\ 
pected  m.ixlimim  e jecta  ran^te  can  he  calculate.!;  howevi'i  . yielihi  l.iipei 
than  ahout  1000  tons  t'l'NT  etiii  1 v.i  I I'lit  > should  not  he  used. 

tlrouiKl  Shoe k/^k'l  Ion . Shock  and  mot  ion  me.isui  ement  s . pil- 
nct I lly  .stress  .iiid  partlcU'  velocity,  were  m.idi'  ^I'neisilly  .it  the  s.iiiu; 
depth  as  the  shot,  l.e.,  .U  shot  hori/on,  and  at  local  ions  iie.ir  the 
>;round  siirl.ice.  .’Vt  tlu'  shot  hi>rt.;on,  which  was  y.eiu'iallv  In  .i  wi  t 
soli,  till'  shv'ck  p i opajt.il  ion  veloclt  les  lor  the  nliu'  events  r.iny.ed  trom 
IslU'  to  .1000  met  i es /si.'C . In  the  dryer  soil  l.ivet  s llayei-;  well  above 
the  w.iti'f  t.ihlel,  the  piopaKatloii  velocity  i.'.i.-.  In  I lu'  l aiu'.e  ol  .il'O 
me  t i i's  / sec  . 

Stii'ss  levi'ls  .uid  p.irt  Icle  velocit  iis  .is  a tunct  iv'ii  ot  r.ini'.e 
are  shown  in  l'i.i;ures  I and  •'* , t esi'ect  I ve  ly . loi  .i;. ip.es  empl.iced  .it  shot 
depth  Iwi't  sollJ.  Stress  amplitudes  in  a s i c.n  1 1 i c.int  ly  diyet  i;oll  hut 
still  quite  moist  (the  tiMl’S  Kvi'iil  1 wete  lower  than  those  sh.>wn  in 
Flitiue  I hv  .1  lactor  ot  U)  to  -Ul.  Kxclndlili;  the  hMl’S  lesults,  the 
p.ixtleli'  veliicitles  lor  the  oM  OlHl's  events  were  api'ioxim.it  e Iv  thiei' 
fourths  those  .it  the  IJM  IHMl;  .iiul  those  at  the  iM  IHlU's  wi'ie  ahonl 
one-thlid  thosi'  at  the  l.’M  IVMi's.  Generally,  the  stemmed  shots  ten.! 
ti<  define  t lu'  np[>er  hound  ot  the  dat.i  .iiul  the  iins  t eimiii'd  d.it  .i  the 
lowei  houuil. 

AirhJ^iist.  Kesults  of  the  ulihlast  me.isui  I'uu'iit  ;•  close  in  and 
far-out  .ire  shown  in  l'‘lj;iires  .ind  ti , ii'spect  Ivi'l  v.  The  sh.illow- 
hiirli'il,  nnsti'iiiraed  shots  loriu  the  up\'er  honiiil  ol  the  ohseivisl  dat.i  .ind 
the  more  deeplv  hurli'd,  stemmed  shots  torm  the  lower  hoinul.  I'oi  the 
lonp-l.inni'  .ilrhlast,  the  IMH  overi’res.'iiii  e ciuve  is  lilp.hei  than  the 
IJMS  curve  rou.qhlv  hy  a l.ictor  ot  10.  O.imap.e  to  typic.il  .ihovepi  oun.l 
mlllt.iry  tai>;ets  is  not  expected  to  he  s I p.n  1 1 l .-.int  ll  the  oveipiessuie 
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Is  loss  than  about  0.03  ps  i ^3  millibars'). 

R.'^J.atJ_oi'i_S  ImujUit  ion  . Tlio  hlg)\iv  slp.nlt  leant  Implications 
of  the  radiation  simulation  oxporlmonts,  conducted  on  oi^iht  of  the 
nine  RSSEX  Events,  are  sliown  in  Figures  7 and  8.  Tlio.  vent  fractions* 
common  to  the  ESSEX  shots  art;  much  lower,  generally  an  order  of  magni- 
tude lower,  than  shots  whieli  occurreti  in  drv  soils.  Frior  Co  ESSE.X, 
an  increase  in  the  vent  frai'tion  h.id  been  predicted  for  detonations  in 
wet  soli;  obviously  tlie  ESSEX  results  show  just  the  opposite. 
Significance  of  the  lower  vent  fraction  mean;!  that  the  dt'Si;  r.ite;: 
beyond  the  limit  of  the  continuous  e.)ecta  will  be  less  th.in  v.iiue;; 
obtained  from  current  prediction  methods  by  a factor  of  ll)  or  more. 

Eigui't*  8 gt  ai’li  leal  ly  shows  th.e  ISO  rad  envelopi>  as  piedicteil 
by  current  state  of  the  art  codes  .ind  the  130  rad  enveloi'e  predicted 
by  the  NEC  method  [d]  and  by  ESSE.X.  As  is  evident,  the  residua]  radi- 
ation poses  much  It'ss  ot  a problem  tlian  originally  thouy.ht  assuming 
the  results  of  the  ESSEX  simulation  technique  are  valid.  An  ESSEX- 
t>'pe  simulation  shot  has  been  proposed  lor  the  Nevada  lest  Site  (N'l'S) 
to  test  the  v.ilidlty  ot  the  ESSE.X  results  against  the  results  of  a 
nuclear  event.  Meanwhile,  systems  designers  are  cautioned  not  to  make 
use  of  these  data  until  the  results  of  the  MS  v.tlidation  tests  are 
av.iilable  or  until  analytical  studies  now  undencay  show'  the  results 
to  be  valid. 

STRUCTUEiM.  RESPONSE  E.Xi’ER IMENTS 

Various  structures,  represent.it  Ive  of  likely  theater 
targets  were  constructed  to  a scale  of  I to  3.7**.  The  structures 
were  exposed  to  the  blast  and  shock  eftects  ot  the  6MPS  Event.  Tlie 
structural  array  is  shown  in  Figure  d.  In  .uldition.  airfield  runway 
response  w.is  ev.ilu.ited  on  two  other  shots,  viz.,  the  3MS  and  IJMS 
Events.  ITie  response  of  the  v.irlous  structures  are  described  below. 

Airf  ield  Ruwa^ . Model  .lirlleld  runways,  constructed  in 
the  same  itvinner  as  full-scale  Warsaw  Pact  runways,  exhibited  con- 
sldei'iible  damage  due  to  vertlc.il  d isp  l .icement  ol  the.  articulated  slabs 
out  to  about  2 crater  radii  for  a di-tonatiou  occurring  al  near  optimum 
depth  for  cratering.  Damage  due  to  e.ject.i  di'brls,  sufficient  to  pre- 
clude use  of  the  runways,  occurred  out  to  .ihout  .S  ci.itei  r.idii . )-'or 

1 KT,  these  diuuage  radii  would  .iraouut  to  .ihout  2l'0  metres  lor  damage 
due  to  uplift  and  d tsplaiu'inent  .iiul  .ihout  nh''  metii's  due  to  eject. i 
debris . 

*Vent  fraction  is  detined  as  that  tr.ictlon  of  the  tot.il  radiation 
vented  that  tails  beyond  the  limits  ot  continuous  ejecta. 

^ A 

At  the  scale  ot  I to  1.7.  the  ID-tou  events  of  ESSEX  model  a 
nuclear  detou.iflou  ot  about  I Rl'. 
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Haagaret tes . The  aircraft  shelters  exposed  to  the  6MPS 
Event  were  1/3. 7-scale  models  of  earth-mounded,  precast,  reinforced 
concrete  shelters  made  of  90  degree  arch  segments  bolted  at  the  crown 
and  supported  by  precast  strip  footings.  Both  shelters,  one  at  30 
metres  and  one  at  36  metres,  apparently  were  undamaged  by  either  the 
blast  or  shock;  however,  the  30-metre  shelter  collapsed  as  a result  of 
the  ejecta  fallback  and  the  one  at  36  metres  was  severely  damaged  by 
ejecta. 

Bridging . A typicai  bridge,  t^^jical  in  the  sense  that  it 
was  representative  of  the  [lopulation  of  bridges  within  the  Warsaw  Pact 
that  mlgiit  he  targeted,  was  constructed  at  a scale  of  1 to  3.7  and 
exposed  to  the  effects  of  the  6MPS  Event.  The  single-span  bridge, 
consisting  of  one  pier  and  an  abutment,  was  aligned  along  a radial 
extending  from  ground  zero  (GE) ; the  pier  was  located  32  metres  from 
G2  and  the  abutment  was  UU  metres  from  G7,  (thus  tiie  bridge  span  was 
12  metres) . 

Test  results  indicate  that  bridges  will  be  generally 
undamaged  from  underground  bursts  unless  a pier  or  abutment  is  within 
one  apparent  crater  radius  of  G2.  Moreover,  the  test  showed  that 
ejecta  fallback  of  the  character  present  in  tlie  Fort  Polk  tests  is  not 
capable  of  destroying  a bridge  span  even  v,'hen  the  10-ton  results  are 
scaled  to  1 KT . 

Reinforced  Concrete  Box  Structures.  Four  rectangular  box 
structures,  buried  6 decimetres  and  having  interior  dimensions  of  1.2 
metres  high,  1.2  metres  wide,  and  5.5  metros  long,  were  exposed  to  the 
effects  of  the  6MPS  Event.  Two  structures  had  wail,  roof,  and  floor 
thicknesses  of  12  cm  [roof  span-to-thickness  ratio  (RSTK)  was  10] 
while  the  other  two  structures  had  wall,  roof,  and  floor  thicknesses 
of  30  cm  (RSTR  was  A).  The  structures  were  placed  at  ranges  of  22 
metres  (RSTR=4) , 28  metres  (RSTR=A) , 28  metres  (RSTR=10) , and  32 
metres  (RSTR=10) . 

Preshot  predictions,  made  from  cwo-D  finite  element  codes, 
indicated  structural  damage  for  all  structures  based  on  the  stress- 
tine  histories  observed  from  other  ESSEX  shots.  As  pointed  out  ear- 
lier, the  stress  levels  common  to  the  6MPS  Event  were  lower  (by  a 
factor  of  30  to  40)  than  anticipated  and  consequently  no  structural 
damage  occurred  to  any  of  tne  structures.  Tliey  were  however  severely 
displaced,  moving  as  a rigid  body  (the  structures  were  somcwh.at  less 
massive  than  the  soil  they  displaced) . Had  personnel  been  inside  the 
structures  at  the  22-  and  28-metre  ranges,  they  undoubtedly  would 
have  sustained  serious  injury.  Equipment  inside  these  same  struc- 
tures likely  would  have  been  damaged  and  perhaps  rendered  inoperable. 

Reinforced  Concrete  Arch.  A circular  arch,  buried  6 deci- 
metres with  an  interior  radius  of  2.1  metros,  thicknes.s  of  28  cm,  and 
length  of  7.5  metres,  was  exposed  also  to  the  6>0’S  Event.  The  arch 
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was  placed  broadside  to  the  event  at  a range  of  28  metres.  As  was  the 
case  with  the  burled  box  structures,  no  structural  damage  was  experi- 
enced by  the  arch.  Thus,  one  would  not  expect  structural  damage  to 
similar  arches  in  such  a media  at  a range  of  1.3  crater  radii  or  at  a 
scaled  range  of  14  m/tonl/3  (140  m/KTl/3), 

Shallow-Buried  POL  Tank  and  Pipeline.  The  ESSEX  POI,  storage 
tank  modeled  a typical  Warsaw  Pact  type  tank.  The  model  tank  was  fab- 
ricated with  steel  walls;  its  roof  was  constructed  with  reinforced 
concrete  supported  by  steel  beams  and  columns.  Its  diameter  was  15.5 
metres.  The  tank  was  surrounded  by  a circular  reinforced  concrete 
retaining  wall  with  a walk  space  between  the  tank  wall  and  the  re- 
taining wall.  The  tank  was  underground  and  covered  with  12  to  15  cm 
of  natural  soil. 

Tlie  tank,  located  with  its  nearest  point  28  metres  from  GZ, 

( was  destroyed  by  the  blast.  The  tank,  filled  with  water  to  simulate 

fuel,  was  completely  emptied  by  the  net  effect  of  the  blast, 
j Principal  damage  was  caused  by  differential  displacements  associated 

' with  the  mass  movement  of  the  earth  material  involved  in  the  crater 

irim  upthrust  and  by  ejecta,  which  collapsed  the  roof  of  the  structure. 

A model  POL  pipeline  (15  centimetres  in  diameter)  was  also 
exposed  to  the  6MPS  Event  and  survived  with  but  minor  loss  in  pres- 

j surization  (500  psi  before  the  shot;  400  psi  after  the  shot).  The 

j pipeline  was  oriented  along  a tangent  to  a circle  24  metres  in  radius 

I and  centered  on  GZ.  The  simulated  pumping  plant  was  located  at  the 

point  of  tangency.  Tlie  pipeline  was  60  metres  in  length.  Peak 
transient  displacements  at  the  simulated  pumping  plant  amounted  to 
about  2.5  metres  (horizontal)  and  1.7  metres  (vertical). 

CONCLUSIONS 

Results  of  the  ESSEX  experiments  highlight  the  following 
conclusions  which  should  not  be  generally  applied  to  yields  greater 
than  a few  KT. 

(1)  Craters  resulting  from  yields  as  low  as  20  tons 
nuclear  and  at  scaled  DOB's  ^ 10  m/KTl/3  will  definitely  constitute  a 
BATM  if  it  is  necessary  for  the  vehicle  to  pass  through  the  crater. 
Obviously,  craters  resulting  from  1-KT  yields  will  produce  barriers  of 
major  proportions. 

(2)  Ejecta  definitely  must  be  considered  a major  cause  of 
i damage  for  shallow-buried  structures  that  have  on]*-  a thin  earth 

(soil)  cover  if  the  range  from  GZ  is  less  than  1.5  to  2 crater  radii; 
for  hardened  aboveground  structures  at  ranges  less  than  2 crater 
radii;  and  for  airfield  runways  at  ranges  less  than  5 crater  radii, 
j (3)  Airblast  effects  from  underground  detonations  may  be 

disregarded  as  a prime  source  of  damage  to  hardened  and/or  mounded 
aboveground  structures  if  located  2 or  more  crater  radii  from  GZ 


/L 


*STRjVNG1-. 


provided  the  burst  depth  equals  or  exceeds  1 . •'»  m/tonl/  i (HF.')  and  1 
m/KTl/3  (NK). 

(A)  Ground  shock/niot  ion  piieuoraena , associated  with  yields 
in  the  range  of  a few  FT  or  less,  are  incapable  of  causing  structural 
damage  to  most  liardened  underground  structures  if  they  are  located  at 
ranges  equal  to  or  exceeding  (200  K I'l/ metres,  or  about  2 crater 
radii.  However,  injury  to  personiu'l  and  damage  to  equipment  Inside 
sucli  structures  should  be  expected. 

(1)  Assimiing  tliat  the  radiation  simulation  technique  of 
ESSKX  is  valid,  the  residual  radiation  levels  will  he  much  lower  at 
reasonably  large  distances  1 rom  G?.  than  current  m.inuals  predict  but 
much  higher  in  the  cr.iter  area  and  its  ininediate  environs.  The  highel 
radiation  levels  ciose-in  greatly  enhance  the  barrier  effectiveness  ol 
FSSF.\-type  detonations  by  denying  the  eui-my  access  to  the  site  fi'r  a 
period  of  time  on  the  order  of  days. 

RITURF  I’l.ANS 

Since  there  is  at  present  some  difleronces  of  opinion 
withiit  the  radiation  cor.imunity  .as  to  the  validity  of  the  FSSFX  simula- 
tion technique,  an  FSSFX-t>'pe  test  has  been  i)ropcsed  for  the  NTS. 

The  central  purpose  of  this  test  is  to  compare  the  FSSFX  radiation 
simulation  technique  with  the  residual  radiation  measurements  obtained 
from  the  TEAPOT  ESS  Event  conducted  at  NTS  in  Tlie  EftSFX  jNTS 

Event  would  be  a nominal  lO-ton  gelleil  nitromethane  detonation 
emplaced  b metres  below  ground.  Tills  would  roughly  constitute 
(assuming  a 2 to  1 NF./HF  cqu ivalmicy)  a 1 to  3.7  scaled  model  of  the 
TE.\P0T  ESS  nuclear  event  with  its  nomin.il  i-KT  yield.  In  addition  to 
comparing  radiation  results,  crater,  eji-cta,  ground  shock,  nirblasl, 
cloud  dynamics  and  overall  cloud  sl/.e  (all  properly  scaled)  would  be 
compared  to  the  TEAPOT  ESS  Event. 

A two-volume  summary  report  on  the  ESSEX  Program  will  be 
published  during  FY  1978. 
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